I. Introduction
Pleurotus ostreatus is a common edible mushroom. It belongs to the family Pleurotaceae. In nature, it grows in tropical and temperate forests on decomposing materials such as dead trees or sometimes on tree trunks that are dying or woods of coniferous plants [1] . Cultivation of Pleurotus ostreatus first took place in Germany at subsistence level during the First World War but now it is cultivated at commercial level [2] . Species of mushroom in the genus Pleurotus are commonly referred to as oyster mushroom. However, to differentiate it from others, Pleurotus ostreatus is called tree oyster. Its mycelium is pure white in colour [2] .Oyster mushrooms are among the first three mushrooms grown today globally. Its high nutritional and medicinal profile has encouraged widespread consumption [3] . This mushroom species contain abundance of amino acidsand is rich in proteins, minerals and vitamins [4] .
The level of mushroom growth and development is greatly dependent on the environmental factors. One of such factors is the substrate of cultivation. Various substrates have already been identified as growth media for cultivating oyster mushroom. These include rice straw, coffee pulps, sawdust, and even paper. Most of these are of low-value lignocelluloses wastes that are primarily derived from agricultural products or the agro-industry [6] .Many researchers in this field have grown several Pleurotus species using various substrate materials and achieved some level of success regarding their yield output [7, 8, 9, 10] .The growth support potential of a substrate is a function of its nutritional content. Improvement of the nutrient profile of the growth substrate has been achieved through amendments with several materials. Such materials are called additives.
Additives could be organic or inorganic materials. The commonest organic materials used by many growers include, maize, wheat and rice, flours, cowpea, horse gram, poultry dung and cow dung [14, 15] . Markson et al., 2012 , reported the use of groundnut cake and palm kernel cake as additives in sawdust and banana leaves based substrate cultivation of P. ostreatus. Addition of 4% humic acid has been reported to record the best yield of P. ostreatus [16] . Also, the use of 30 % oil cake and 30 % tomato tuff produced satisfactory results in cultivation of P. ostreatus [11, 12] . Maize straw was reported to be more suitable for cultivation of P. ostreatus when supplemented with cotton seed hull at an inclusion rate of 25% while 2 % concentration of rice husk was also found to be the best in supporting the growth and yield of P. ostreatus [17] . Amendment of mushroom growth substrates with vegetables is not a common practice. However, there are several reports on the rich nutritional and phytochemical profiles of these vegetables [18, 19, 20 21] that are rarely given a place in the daily menu of the people. Yet, they are naturally growing and of cosmopolitan occurrence in our II. Materials and methods
Location of study
The research was carried out at the University of Calabar staff quarters, University of Calabar, Cross River State lying within longitude 4° 57' 0" North and latitude 8° 19' 0"[22].
2.2Collection of materials
The three plants used as additives were sourced within Cross Rivercentral (latitude 5.8 and longitude 8.08333) and south (4° 57' 0" North, 8° 19' 0" east). Diplazium sammatii (edible fern) and Justicia insularis were obtained from Ugep main market, Yakurr local area government of Cross River State, while Moringa oleifera was collected from the university of Calabar staff quarters, Cross River state, Nigeria. Materials for substrates composition (Dry banana leaves and sawdust) were obtained from the university of Calabar staff quarters and government owned timber market at Marian Road, Calabar, Cross River Staterespectively. The test mushroom was obtained from Royal farms at Ikot-Effanga, Calabar, Cross River State. Rice bran was sourced from a private owned rice mill in Ugep, Yakurr Local Government Area of Cross River State, while lime (gypsum) was purchased from Watt market in Calabar.
Preparation of Plant Materials
The plants were washed with clean water, sun dried and ground into fine powder.
Composting of substrates
Two substrate types (dry banana leaves and a mixture of dry banana leaves and sawdust) were composted for the cultivation. Fermented sawdust was collected from timber market and soaked for 24 hours. The banana leaves were shredded into bits of about 2 cm and soaked in water for 1 hour. These materials were transferred into sac bags and drained of water to a moisture level of about 70 %.About 7 kg of rice bran and 0.4 kg of lime were added to a hundred kilograms (100 kg) of banana leaves and properly mixed [5] . Fifty kilograms (50 kg) of sawdust was mixed with fifty kilograms (50 kg) of banana leaves, 4.75 kg of rice bran and 0.5 kg of lime. The substrate was then divided into 1.0 kg portions and dispensed into plastic bags measuring 30 x 11cm.
Pasteurization
The plastic bags containing the substrates werepasteurized using metal drums of about 500litres capacity with a wooden platform of about 35 cm high at 60-80 0 C for 6 hours. Initial water level in the drums was 30cm from the bottom of the drum. The pasteurized substrate was allowed to cool for 12 hours.
Spawning
Each of these portions was treated with 0 g (control), 5 g, 10 g, and 15 g of powered leaf samples of Moringa oleifera leaves, Diplazium sammatii fronds and Justicia insularis leaves separately. The bags were inoculated with spawns of Pleurotus ostreatus. The open end of each bag was secured with PVC pipe of about 3cm long and 3cm in diameter wrapped with a rubber band and plugged with cotton wool [5] . Each experimental unit was replicated thrice.Spawn running was achieved by hanging the bags with ropes in sequence from the top of the roof down with each line having a maximum of eight bags. Limited amount of light was allowed into the spawn running unit.
Experimental Design and Data Analysis.
The experiment was laid out in complete randomized design (CRD) with three replications. Data collected were subjected to analysis of variance (ANOVA) using SPSS version 14.0 and means were separated using LSD.
Cropping
When spawn run was completed, that ismycelium had completely covered the bags, the bags were transferred to the cropping unit where they were stacked on shelves made of bamboo and opened to enable the mushrooms grow out. The opened mushroom bags werelightly sprayed with clean water daily. Coarse sand from the sea was poured on the floor of the cropping unit and was moistened continuously. The cropping unit was humidified to about 70-75 percent by wetting the walls of the mushroom house regularly. DOI: 10.9790/3008-1201028488 www.iosrjournals.org 86 | Page
Harvesting
Harvesting of mushrooms was at maturity (when the pileus were fully opened).The harvested mushrooms were thoroughly cleaned and data obtained for the following parameters; area of pileus, length of, girth of stipe, number of fruit bodies per bag, fresh weight and dry weight using `conventional methods.
III. Results
The different concentrations of the plant additives in the two substrates greatly influenced the mushroom growth. The performance of the mushroom depended upon the type additive concentration of the plant additives and the type of growth substrates. Banana leaves/sawdust (BLSD) substrate composite amended with all the levels of concentrations of D. sammatii and 15 g M. oleifera leaf powder did not support the growth of the test mushroom. Table 1shows the different growth parameters as influenced by the different concentrations of the plant additives in banana leaves (BL) substrates. Substrates treated to 5 g M. oleifera produced mushrooms with the largest pileus size of 42.58 cm 2 which was significantly different (P≤0.05) from those produced by substrates treated to other plant additives. However, this performance was closely followed by the control experiment as well as BL treated to 10 g D. sammatii and 10 g J. insularis. The least performing set-ups were all substrates amended with 5 g D. sammatii. The highest mean fresh weight (21.69 g) was exhibited by mushrooms grown on substrates treated to 5 g M. oleifera leaf powder which was significantly different (P≤0.05) from those produced by samples treated to other additive concentrations. D. sammatii leaf powder was at its best at 10 g concentration level but mushrooms fresh weight sustained by it was however not significantly different (P≤0.05) from those obtained for the control experiment.Amendments of BL substrates negatively contributed to the dry weight of the resulting mushrooms as the dry weight values from the control experiment were significantly (P<0.05) higher.
The highest mean stipe length (5.1 cm) was obtained from mushroom grown on banana leaves supplemented with 5 g M. oleifera and this was significantly higher (P≤0.05) than those produced on BL amended with other additives. With respect to stipe girth, BL substrate treated to 15 g D. sammatii produced mushroom with the biggest stipe diameter (4.8 cm) when compared to other additive concentrations. This was closely followed by BL treated to 5 g M. oleifera. With reference the number of fruit bodies produced, the control recorded better results than the treated samples in the BL substrates. However, BL substrates amended with J. insularis leaf powder recorded better results when compared with samples with other plant additives especially at 5 g and 10 g concentration levels. The influence of the different concentrations of the plant additives on P. ostreatus grown on banana leaves/sawdust (BLSD) composite is presented on Table 2 .Control experiments produced mushrooms with larger pileus size (36.08 cm 2 ) when compared with results from treated substrates. However, BLSD treated to 15 g M. oleifera performed significantly better than other levels of treatments producing mushrooms with pileus size as large as 26.74 cm 2 . The highest mean fresh weight (20.64 g) was obtained when the substrate was treated to 10 g J. insularis. Mushrooms with longer stipes (4.90 cm) were produced by the control samples. This was followed by samples treated to 15 g M. oleifera leaf powder and then the 10 g J. insularis treated samples. Units amended with all levels of D. sammatii did not support the growth of the test mushroom on BLSD. Assessment of stipe girth revealed that amendment with 10 g J. insularis exhibited the best results followed by the 15 g M. oleifera treatment which was, however, comparable with the control experiment but better than what was obtained in samples treated to other additives. 
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IV. Discussion
All BL/SD substrates supplemented with D. sammatii leaf powder failed to support growth of the test mushroom throughout the course of the experiment. This growth inhibitory effect may be as a result of the synergistic effect of some anti-nutritional components in sawdust and in D. sammatii. Evaluation of the effects of the three plants additives on the growth parameters of Pleurotus ostreatus cultivated on two substrates; BL and BL/SD showed that there were significant variations (P≤0.05) in the various growth parameters tested. The influence of the different concentrations of the plant additives on P. ostreatus grown on banana leaves/sawdust (BLSD) composite is presented on Table 2 .However, BL substrates amended with J. insularis leaf powder recorded better results when compared with samples with other plant additives especially at 5 g and 10 g concentration levels.
Assessment of the influence of substrates and additives on the pileus area, fresh and dry weights of the mushroom revealed that these parameters recorded higher growth values in BL substrates treated with M. oleifera leaf powder, especially, at lower concentrations and declined with increasing concentrations of the additive (Table 1) . The largest pileus size (42.48 cm 2 ) was observed in mushroom produced on BL supplemented with M. oleifera leaf powder at 5 g concentration. This indicates that the maximum effective growth support concentration of M. oleifera is 5 g and that beyond this concentration level, the amount of antinutritional factors in the plant powder may have assumed inhibitory levels, hence the growth decline observed in concentrations above 5 g [18, 20. 19] . Markson et al., (2012) , reported similar values for fresh weight when PKC (palm kernel cake) and GC (groundnut cake) +PKC were added to sawdust for the cultivation of P. ostreatus. However, in BLSD, increment in the concentration of M. oleifera concomitantly increased growth, especially, the fresh weight, the stipe length and girth as well as the number of fruit bodies of the test mushroom. This disparity in the growth performance exhibited by M. oleifera leaf powder in these two substrate types may be deduced from the contribution from sawdust in the composite substrate. It appears that there are some substances in sawdust thatcomplement the growth support potentials of the additive and mask the growth inhibiting effects of M. oleifera at elevated concentrations. It also appears that at concentrations beyond 10 g, M. oleifera does not add to the growth of some mushroom organs like area of pileus and dry weight. Mshandete and Kivaisi (2013) reported that the number of fruit bodies increased as the percentage of cow dung was increased.
In BL/SD composite, J. insularis leaf powder was best at 10 g concentration (25.09 cm 2 ). Though the control experiment yielded better mushroom growth, but the yield produced by the addition of J. insularis leaf powder was comparable. The performance of J. insularis is likely a function of the mushroom to effectively convert the high level of protein contained in the leaf of this plant to body structures. The growth of stipe (length and girth) was greatly influenced by the addition of 5 g and 15 g M. oleifera to BL and BLSD substrates respectively. This result is a pointer to the fact that the level of concentration of a certain additive and the interactions of certain additives and the substrates actually influenced the growth pattern of mushrooms. There is an observable alignment between additives and substrates, and the additive concentrations as they impact on growth pattern of the test mushroom. This trend could be exploited for growth of selective organs of interest. Similar observation was made by Mshandete (2013) in same mushroom. He reported increase in stipe length with amendment of growth substrates with 30% cow dung.
V. Conclusion
From the findings of this study, it is evident that treatment of BL substrates to 5 g M. oleifera leaf powder and BL/SD with 10 g J. insularis and 15 g M. oleifera gave maximum yield of the Pleurotus ostreatus. These vegetables have high potential for utilization as additives or supplements for growing of Pleurotus
